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Description 

Background of the Invention " . 

[0001] . The present inventibn relates to modenris, In 
general, and rhbre particiiiarly to. a nrioderti for selectin 

:.a earner frequency and a baud rate from a predeter^ ■• 

; mined plurality of carriei' frequencies and baud rates to 
ecmmunlcat|e with another modem oyei' a cpmmunica- • 

;tipn media of a data.comnaunicatlpns networlc in a full; 

• duplex mode'the selection being i?ased on estimated; • 

'.characteristics of the .communication media, and a - 
method of operating a modem by combining the proc-:; 

■ esses of estiniating channel characteristics and estimat-" 
ing: range in a common startup procedure, charaicteilzed 
by a plurality of successive tinne segment. 
[0002] In a data conimunlcatidn network, digital data, 
among other data, may be communicated at a data bit 
rate from one modem to another modem through a com- 
munication, media, which may be a leased line of. the 
network or .a dial up connection df a' general switched 
telephone network (GSTN), for example..Generally, mo- 
dems operate at a fixed canier frequency and a fixed 
modulation or baud rate and attempt to optimize the data 
exchange bit rate based on the conditions of the com- - . 
munication media over which they are cpmnriuhicating, 
In order to accomplish an optimum data bit rate, con- 
temporary modems utilize a startup learning procedure 
before commencing communication during which the 

"modems perform certain predefined start lip procedures 
which liiay.iricliJde a line probing sequence, for exani-. 
pie, to establish the media characteristlbs over which: 
communication will take place. The current state of the 
art CCITT standard for two wire full duplex modems is. . 
V.32 and V.32bis. An example of a. modern ernployrrig j 

vthe V.32 standard tpdayjhdudes the Codex Mode] 226^^ 

.:(TM). An example of a stke of the art moderti using line : 
probing is the Codex Modeni Model 3680 (TM). 
[0003] In addition, two wire modems for operating in 

: a full duplex rnod.e generally employ an echo canceller 
to caricel froni the received signal any near end and far 
end echoes resultirig from Its concun'ent signal trans- 

' missions. These modehis include a ranging sequence 

■as part of the startup procedure to detemiine the fT>und 
trip signal delay time over the m.edia to and froril a re^ . 
mote modem which is used by the echo^canceljertherer' 
of. The ranging task is perfonfied separate and distinct . 
from any line probing tasks. Fijrther, in two wire, full du- 
plex transmission systems, there are systeni nonlinear- ^ 

...ities which affect hot only the signal transrnission; but 
also both of the near erid and far end echoeS:resu!tihg: 
therefrom. Conventional line probing. ti'aining sequenc- 

. es do not measure the nonlkiearities of .the echo signals^ \ 
and, for this reason, cannot provide adequ|Lte estimates 
for echo cancellation purposes. 
[0004] Still further, if during, data .communication be- 
tween two modems, a malfunction, like loss of synchro; 

''nizatlon, is detected, the rnodenns pfesentfy on the mar- 



;;.{.: ket resort to breaking communications and repeating 
. : the entire startup procedure, including both line probing = 
and ranging tasks, which'is a very lengthy and cumber- 
. sortie retraining process. I^oreover, only one of the cpm- 
5 municating hriodems is gerierally designated to initiate- 
.: this retraining process upon malfunction which addsfurr : 

ther complications. 
.: . [0005] US-A-5048054 discloses a two-wire modem in 
: : accordance with the preambieoftheindependentclairt^^^ 
/(0;i:^, .-■ ; ■ ■ '\ . , ;:;-v;-^ ' '.-\'r-.- 
• ■: ;v [0006] . The presehtlnyentioh 

to alleviate the aforementioned drawbacl<s of the current 
• . .; modems: These aspects will be better understood from 
a description of the pretended embodiment found here- 
■'if inbeiow taken together with the accohnpanying draw- 
ings. 



20 [0007] in accordance with the present invention, a two 
wire modem In accordance with Independent daim 1 is 
: provided. 

[0008] In accordance with a second aspect of the in- . 
ventloii, there Is provided a method as setforth In claim- 

.25 7. 

Brief Descrifstion of the Drawings 

[0009] Fig's. -l and 2 are block diagram Illustrations of 
^30 an exemplary data comrriunications network model suit- 

• able to describe this backgrourid eriyiironment of the ' 
■present invention. 

; . [0010] Fig. 3 depicts a ftinctlonaiiy .. block diagram . 

• schematic of a two wire niodcm capable of operating.in 
full duplex mode and suitable for embodying the prin- 
ciples of the present invention. .. ; 
[0011] Fi^. 4 is a functional bloek diagram; schematic , 
of a series of modules suitable for embodying an FFT 
processo rf or performing the estimation of signal or eclio • 

^ chai'acteristics of the communication media for use in 
the embodiment of Fig. 3. 
. [0012] Fig's. 5 - 12 depict "hand-shaking" signal ex- 
-. change between a modem pair for start up training and 
the initiation of retraining during datia transmlssion iri ac- 
■^5 cordance with th^ principles of the present inventibn. 
."[0013] Flg*s; 13A - 1 3D. represents suitable software 

• programming for embodying the functiorial mpdules of 
- - the modem of Fig. 3 operating in a call rnpde. J 
. [001 4] Fig's. 1 4A - 1 40 depict suitable software pro- 

50 gramnriing for embodyirig the functionally modules of the 
. ;f modem of Rg. 3 operatirig in an answer rnode. . 
■ [001 5] • Fig. 15 depicts a method flowchart of a suitable 
: embodiment of another aspect of the present Invention.. 

55 Description of the Preferred Embodiment 

\ [0016] Fig's. 1 and 2 are block diagram illustrations of 
• an exemplary data communications network model in 
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LwhicH two modems denoted as A and B. of the two wire ; 
variety are cornmunicating through a general* switched' 
telephone net\work.(GSTN). In the present example/.the 
modenis A and B are coupled to the GSTN over two wire 
line connections to hybrids H(A) and H{B), respectively,.- 
which convert the two wire connections to four wire con- 
nections of the GSTN. Loop losses of the two wire con- 
nections, coupling modems A find B to the GSJN, are 
represented by the blocks L(A) and L(B), respective ly^. 

, and the reflected respective impedances are represent- 
ed by Zl(A) and Zl(B). the trunk losses of :the network 
are lumped according to direction of signal communica- 
tion and are represented by the directional triangles TR. 
[0017] The Illustration of . Fig. 1 |s used to depict a 
near-end echo signal 1 0 resulting from the transmitted. 

; signaH2 from modem B and reflected frprh the hybrid 
H(B), The illustration of Rg. 2 depicts a composite signal 
14 comprising at least two far end echo signals 16 and 
1 8 resulting from the transmitted signal 1 2 from modem 
B. The far end echo signal 1 6 is a residual signal re- 

: maining as a result of a non^ldeal hybrid match situation, 
which is commonly referred to as "trans -hybrid loss" and 
is dominant in most far-end echo signals. The other 
echo signal 18 is a residual signal remaining as a result 
of the transmission signal 12 traversing the local loop L 
(A), being reflected off the remote modeni A due to a 
non-Ideal Impedance termination in a modem and tra- 
versing back along the sanne local loop L(A) and then 
combining with the echo signal .lS. The ebhp signal ia 
is generally smaller than the echo signal 1 6 since It goes 
through the loop U(A) twice and the minimum. return loss : 
(reflected signal) for a modem is on the order of 1 1 db. in. . 
order to meet certain standards: . 

*. [0018] in operation, modem B in communicating with • 
modem A transmits its signal 12 traversing the local loop 

.L(B), the hybrid H(B) the trunk loss TR, the hybrid H(A) 
and the loop L(A), which in combination constitute the 
communication media between modems A and B. Con- 
currently therewith, modem B receives In a full duplex, 
mode not only the transmitted signai frpm modem Abut^ 
In addition, the near end echo signal 10 and composite, 
far end echo signal 14. The communication frequency 
spectrum of the communication media is refen'ed to 
herein as the channel and the round trip delay over the 
channel between the call and answer modems Is re- 
ferred to herein as the range. Accordingly,: jh order to 

.'provide a viable estimate of the channel characteristics , 
for optimizing data bit rate and echo cancellatibh, the 
near and far end echo signals including.echo nohllnear- 
ities should be learned and taken into consideration as 
part of the trainlng sequences at the modems A and B, 
[0019] For the present ernbodiment, rnodems A and . 
B may be implemented much the same orisimilarto the 
aforementioned moderns marketed by Codex Corpora- 
tion bearing Model 2264 which have been marketed 
more than 1 year prior to the filing date of the instant 

/application and are described in the publication °2264 
Modem Users Manual", 08789; Rev. B, published code 



i LP, published July, 1989 by Codex Corpbratidh.. Thfe' 
manual or rriahuals are being incorporated by reference 
. herein to provide more specific details of the. structure 
and operation of a suitable nriodem used -in connection.' 
■ s of this preferred embodiment. • ' , • 

[0020] Fig. 3 deptets a functional block dlagrarn sche^:- 
matlc of a two wire modem capable of operating in a full 
duplex mode and suitable for embodying the various asr 
pects* of the present invention; As ih the CodexJmodel: 
: to . 22164, the function of the blocks of the ennibodinrient of . 
: Fig. 3 riiay be Implemented in software programs of at : 
least one signal processor similar to the type manuf ac-. 
■ tured for Codex Corporation . bearing Model No. 
. 60423-51, for example. The rnodem processor{s) will 
IS not be described in detail herein as the use of a signal 
processor(s) in the. control and implementation of mp- 
• dem functions is considered well-known. 
[0021] Refenring to Fig. 3, at the heart of the exem- 
plary modem is a functional controller module 20 which 
20 functions to provide inforfnation to the various other, 
functional modijies of the modem in. accordance with a . 
predetermined timing sequence which will be described . 
in greater detail hereinbelow; The present modem is in- 
tended to operate with quadrature ampfitude modulation 
25 (QAM) for each channel with synchronous line transrtiis- 
sion at a selected one of the following plurality of rhpd^ 
ulation or baud rates: 2400, 2743, 2954, arid 3200. as . 
. .will be more fully understood from. the description here- ^ 
: below. The present modem is also designed to operate 
. 30 /ai the following data fates: 9600, 1 2000^ 1 4400, 1 6800, ; 
' •: 1 9200, 21 600, 24000, and 2$6bb bits per second.: In the l 

present embodiment, the above rates may: use.a Cod 
■ . . Proprietary Preceding Mbduiat ion Scheme, combined . 
7 with 4D trellis coding: .Still further,, a. plurality ..of. cannier 
■'.,35. frequencies which may. be used by the. presieht nriodem! 
include leoOHz, .1670Hz, 1745H2, .'l828H^^^ and. 
1 920H2., The receivers will operate with received fre- 
quency offsets of up to +/- 7Rz. A selected carrier fre- 
quency and baud rate frohi their respective pluralities 
fo .will be established during a start up j3rocedure after the 
line has been probed and the operational bandwidth 
thereof established. Infomnatibn representing the afore- 
mentioned predetemnihed carrier frequencies, baud 
rates arid data bit rates are all stored in the merribry 22 
for a selection under control of the controller 20 as will 
be more evident from the description found below.. 
[0022] . It is understood without having to be shown or 
described that the present exemplary nriodem includes - 
. conventional interchange nriodem circuits which comply . 
so ; with the functionality and pperatiohai . requirements of 
the V.24 recommendation of the CCitt and 'all such In- 
. . terchange circuits are adequately terminated in the corn.- 
respondirig data . temninai. equipment (DTE) and in the * 
data circuits terminating equipment In accordance with v 
S5 appropriate.recommendations for electrical characteris- 
tics. In addition, such modenis shall accept and pass 
synchronous or asynchronous data from and to. its cor- 
. , responding DTE on the appropriate conventional inter- 
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change circuit and under control thereof The timihg; 
ciocks.... etc., for example, and -data rate selection 
switching. and cpntroj .are all'achieved through the con: 
...ventional interchange circuits . 
[0023] :Ref(Brt1ng agkin to Fig.; 3, the modenni includes 
: - the following coriventional signal ^^herating fUncMonai 
modules: a difrerentiai phase shift keyed generator 24, 
. a tone generator 26, a chirp signal generator 28, a train 
=• signal generator "30 and a 6onventionarscrarnbler/en- 
. coder/mapper f uhction.32 which processes the. data to 
; ,be transniltted, A fuhctiohai switch sWl\selects 
put of one. of the generator niodules 24, 26. 28, 30 or 32 
to be an input to a transmitter/modulator fuhctiprial mod- 
ule 34 which in turn generates a transniit signal 36. The 
signal 36 Is conducted through, a hybrid circuit 38 to the 
two wire connection 40 to either a leased line or djalrup 
line of a telephone network! The generator functions 24, 
26, 28, 30 and 32 are a|l selected and enabled by the 
controller 20 via the signal path 42, In addition, the func- 
tional switch module SW1 is also controlled by the con- 
troller 20 via the switch controi path'44. Still further, jn- 
fomiatton related to the carrierfrequency, baud rate and 
data bit rate along with certain control signals are pro- 
vided to the transmitter/modulator 34 from the controller 
, 20 over the data and control path 46. 
[0024] Received signals are passed from the two. line 
conductor 40 through. the hybrid 38 to'a conibiner func- 
tion 48 of the modem. A conventional echo cariceller 
function 50 estimaties an epho bas;ed on perceived char- 
acteristics of the channel ln accprdance Informatibh pro- 
vided to It from the controller 20 via path 46/The epho/ 
canceller 50 provide? the echo estinrikte tp.th^ combiner • 
48 over path 52 so that the rfeceived signal may be re- 
lieved of its. echo component by thie combiner 48. An ■ 
echo erroris provided back to the echo canceller 50. c>ver . 
path 54 in order to adjust the echo canb^lle/to aimore 
effective level;-' ■ .:■ ^ 

[0025] The received signal from the cbrinbinei^:4B is 
provided over the signal path 56 to a variety of additional 
functional modules of the modern Including a cbhveh^ : 
tional programmable tone detector module 58 , a re6elv- . ' 
er/demodulator/equalizer module 60 and a DPSK re- 
ceiver 62. The modem further includes a receiver Initial- 
izatibn and control functional module 64 which initializes 
and controls the module 60 via the signal path 66/ In 
addition, the tone detectmoduie 58 and initialization and 
control module 64' are governed by the controller 20 uti- -. 
lizing the path 68. The data output of the receiver mod-' 
ule 60 is provided to a coriventional decoder scrambler 
^module 70 over the data path 72. The module .70 proc- 
esses the data received. 

[0026] Still further, the modem includes a counter 74 
which Is used to compute the range MT or NT, as the 
case may be, which will become riiore evident from the 
description found below. The counter 74 may be started 
by the controller 20 usirig path 76 and stopped by the 
receiver 60 using path 78. 

[0027] In the present embodiment, a conventional 



. Fast Fourier Transform .FFT processor 80 operates :oh. 
the received signals at selected tlrnes to estirtiate chari- 

• . pel characteristics and select a; communication paramr 
V eter combination of carrier frequency, baud rate and da-- 

5 • ta bit rate under cpntroi of the cph^^ via data path 
62. the resulting parameter conibinatioh is prdvided.tb 
a decision logic function 84 over the data path: 86. In- 
: addition, the selected comrnunicatipn parameter of- the 
. . ^.remote moderii are received by the DPSK receiyer .62 
. ?P. .arid.providedjtp.the decision logic module ;£i4 using the . 

• ■ path 88. Thejdedsldn mpduie84 decides. the-carrjei'^^ 
; quency, baud rate and data bit rate for use by the mo- 
dem based on estimated characteristics of the channel 

. over which it is cdmmunicating with another modem. If 
^5 : the decisional module 84 cannot find a carrier fj-equency 
and baud rate consistent with a desired maximum and' 
minimum bit rate range set by the controller 20, then it 
generates an error signal (ERROR). The combined car- 
rier frequency, baud rate and data bit rate information 
20 and ERROR signal are all provided from the decisional 
logic module 84 to the controller 20 over the signal path 
. ' 90 for storage in the memory module 22 thereof. 

[0028] The foregoing described modem may be con- 
trolled to initiate a call and thus, be operated in a call 
25 mode {hereinafter referred to as a call, modem) or may 
be controlled to answera call,' and thus, be operated iri 
an answer mode {herelnaftier referred to as an answer., 
-modem). . . . ,. 

; : [0029] An example of operation of the preferred nno- 
::3a. dern embpdirn.eht describjed ;in c^ with- the;; 

;.;scherhatlc bipck.diagrarn bf Fig, 3 wiij how be supplied.. 
■ In connection. with the communication between a call/ 
: answer two wire modem pair which Intend to communi- 
: ; cate over a communication media such as a lease line 
,35 '.. or dial-up line of a telephone hetworic like thkt described 
* ' :.ln connection with the network models of Figs. 1 and 2,V 
supra. The signal flow Illustrations of Figs. 5 - .12 depict 
. the "handshaking" signal exchange between a call and 
. answer moderii paii'fbr start up training and the initiation 
i4p . -Of retraining during conventional data transnr^ssiorilher^ : 
: ebetween, Further; Rgs. 13A - 13D represents suitable 
software programnriing to embody the functional rnod- 
. ules of the call modeni and Figs. 1 4A -1 4D depict flpw^ : 
■ charts of software programming suitable for ertibodying 
45 functional modules of the answer modem, . 

[0030] To. start with, references are niade to Rgs. 3, 
_5, 13A and 14A for purposes of describing a comrrion 
start up procedui^e which includes line probing the tele- 
phone line connection communication rhedia between 
50 the call arid answer modems.to learn the channel char- 
/acteristics in estirnating the round trip delay frorn each 
modem, referred to as ranging. After a call is initiated 
from a call modem, the answer modern on connection 
to the line, shall transhnit an answer back tone .as rec- 
55 ommended by V,25 and then commence transmitting a 
pilot tone P1 as shown in Fig. 5 and flowchart block 1 00. 
To accomplish this, the controller 20 selects and enables 
th.e tone generator 36 to generate a tone at 400 and 



7 EP 0 513 527 81 8 



2800 Hz (P1) and controls the switch SW1 to pass the 
-generated tone to the transrnitter/rilbdulator 34 which 
..:transmits the tone overpath 36 through the hybrid . 38 
and out over the two wire line 40 to the call modem. Con- 
cuirentJy, in block 1 00,. the controller 20 of the answer 
modem initializes the module 58 for the reception of a 
tone at 1600Hz (P2). At this time, both modems may be 
set at the symbol timing, of 2400 Hz. 
[0031] Simultanebusty, the call modem similarly gov- 
erns the transmission of the P2 tone, and ihitiajizes its. 
module: 58 to receive and detect the PI tone accbrdlhg 
to block 1 02. After receiving the answer back tone for at 
least 1 second or upon a reception of the PI. tone as 
detected by the module 58 in accordance with biock 
1 04, the call moderifi waits for at least 1 28 timing periods 
(at a symbol timing Tot 2400Hz) and then transmits thia 
phase reversal tone P2 for a period of 1 6T by controlling 
the tone generator 26 and transmitter/modulator 34 
(block 110). Concurrently. therewith, the controller 20 of 
the call modem starts the NT counter 74. Thereafter in 
•the flowchart block 112, the call modem initializes the 
detect module 58 to detect the phase reversed tone PI 
and controls the transmitter 34 to transmit all zeroes. 
Then looks for the phase reversal tone P? In the deci- 
sional block 114. 

[0032] After receiving the P2 tone (block 1 06), the an- 
swer modem Initializes its detect module 58 in block 1 08 
to detect the phase reversal tone P2 . 
; [0033] The answer modem then looks for the phkse 

• reversal tone P2 In the decisional t)lock. 11 6 and when 
it receives and detects the tone P§ by the mddule 58, it 
executes the flowchart block 1 1 B which causes the con- 
troller 20 to wait for at least 64T, and then control the 

Vtone geherator26 and transmitter 34 to transmit a phase 
reversal tone PI for 1 6T Thereafter, in the block 120, 

• the controller 20 of the answer modem initializes the 
■ FFT processor 80 to compute the channel characteris- 
tics estimation resulting from received echo signals. 
[0034] In the call modem, when the tone PI is detect- 
ed as determined by functional block 114, the Mt coun- 
ter 74 is stopped by the receiver module 60 according, 
to the Instructions of block 122 and the FFT processor 
80 thereof is initialized to compute an estimation of 
channel characteristics from a received signal. The re^ 
sultant digital count of the MT counter. 74 is. represent- 
ative of the round trip delay or range between: the two. 
modems and Is stored in the memory.22 by the coritrbller 
20 for later use Iri controlling the echo canceller 50, 
[0035] In the present state, both the call modem and 
answer modem are. initialized to estimate channel and. 
noise characteristics which is siccpmplished by one nio-. 
dem transmitting a known broad band signal, such as a 

- chirp signal and, at the same time, receiving the echo 
■.signal therefrom, while the other modem at the remote' 
end receives the chirp signal. Both modemSj estimate 
the channel and noise characteristics from their respec- 
tive receive signals. . 

.[0036] In the. present embodiment, acconding to the 



flowchart block 1 24, the controller 20 .of ftie answer mb^ 
.dem controls the chirp generator 28. switch SW1 and 
transmitter 34 to transmit a line probing chirp signal 
which is a periodic signal comprised of. a series of tones 
spaced at 37.5 Hz apart within a frequency band of ap:" 
proximately 100 - 3600 Hz. Within this frequency band,, 
3 nulls are transmitted in place of the tones where one 
measures the nonlinear distortion, if any, introduced by 
the channel of the communication media. The lineprob- 
. ing chirp signal repeatedly transnnifted at least jS4 times/ 
for approxiniately 1.8 seconds by the answer modem, 
during which time It is rieceiving echo signals which are 
conducted to the FFT processor 80 and analyzed for es- 
timating echo characteristics of the cbmniunlcatlo.n.^^ 
dia. 

[0037] Similarly, the instructions of block 126 cause 
the controller 20 of the call modem to activate the FFT 
processor 80 to perform and analyze the received line 
probing chirp signal from tiie answer modem for esti- 
mating the signal characteristics of the communication 
media. Each, receiving modem estimates Its respective 
media characteristics of the broad band signal by averr. 
aging its spectrum over 54 periods which is the number 
of chirp signal periods being generated. Averaging over 
64 periods by the FFT processor, provides about TS.db 
of noise rejection which just about cancels out any ran- 
dom noise leaving behind only the known transmitted ! 
signal or echo signal linearly and nonlinearty distorted.;, 
by the channel. The functional block diag rani schenriatic 
of Fig, 4 offbrs ia series of modules. suitable for embod- 
ying an FFT prdbessor for perfbrmihg the estirtiatiph of 
: signal or echb characteristics of the conrimunication me- 
dia. ' " .. ■•' ^ ■ ■ 
[0038] ..Refeni.rig to Fig. 4, the. Incoming tdnes of thb,- 
line probing chirp signal or echo signal-thereof, as the 
case niay be, are! gathered in the block 130 and saved- • 
In a temporary mernory buffer according to the function- 
al block 132. Since the. channel may introduce a fre-. 
quency offset which could make the received signal 
non-periodic, a frequency offeet correction is accom- ; 
plished, using thefrequency offset of block 134 and mix-, 
er 1 36, prior to computing the Fduriertransfpnn thereof, 
[0039] A 256 point FFT processing Algorithm 138 is" 
used, in the present embodiment, for computing the rer.;! 
ceived signal., to noise ratio over a predetermined f re-.: 
quency spectrum or a received signal to echo ratio over: 
the same predetermined frequency, spectrum.. For this; 
computation^ 5.12 time samples or points are gated 
through the gate 140 at a time as governed by the time 
window signal 1 42 to the FFT 1 38; A power signal spec- 
trum is computed for each of the- 64 periods over the 1 .8. 
second interval by the FFT processor 138 and stored in 
an accumulator .144. A timing offset correction TOFF 
and a frequency offset con-ection ROT are introduced 
to each result out spectrum. The Individual spectrums 
are then averaged to yield an overall resultant spec- 
.trums to either reduce or eljminate randpm noise. Also 
in biock 144, the. resultant average power spectrum.. is 
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:squared to yield a squared spectriim'.whlch id subtracted : : :' 
. .froiTi the original spectrum to yield ia channel noise spec- 
trum. The. output of the block 144 provides bote a signal . 
power spectrum and a noise power spectrum to a com- 
biner block 146. The nonlinear distortion introduced by s 
the channel is also measured In block 1 46 by averaging 

■ the energy atthe null points ofthe signal Spectrum which 
. were introduced by the line probing signal. A block 150 
. Is used to hunt for an optimum carrier frequency based 

on the resultant spectrums! , , . . io. 
[0040] Since th6 goal of the FFJ processor is to max- 
imize the data bit rate for a particular channel according . . 
to the estimated characteristics thereof, the number of 
bits per baud that can be transmitted through the chanr. 
ne! and received by the modehi receiver for a gh/en BER • 15 
is calculated. A 2-tap DFE model, is constructed and' 
based on the channel noise spectrum, the noise at the 
output of the DFE model, for unit signal is also calculat- 
ed. The DFE model (linear) noise, the nonlinear noise 
and the signal level of the various spectrums are weight- 20 
ed and combined in block 1 46 to obtain the total noise 
atthe input of the receivers decoder. The signal" to noise 
ratios are established in blocks 152 and 154. 1n block / 
156, the total noise including distortion above the re- ' ■ 
ceived and echo;sign^ls are computed; and scaled to -^s 

■ unity, in block 1 SB, the bits/laaud is then computed from', 
a fourier series approximation of the decoders signal to 

. noise ratio. Resulting from block 158.is an optimum car- 
rier frequency baud rate i and data bit rate within the de- ■.; 
sired data bit.rate range provided from the coritrbller20. so 
In block .1 60 the'resultaht Infbnmation.is packed In a par- . . 
ticular format for providirigitto the other rhodem as will 
be fully understood from the description herebelow. 
[0041] In the decision logic block 84, a.final decisioh . \ 
algprithnfi. chooses between the selected and received . .35 
parameters of carrier frequency, baud rate and data bit= 
rate in accordance with a predetemrilned criteria, the , 
criteria used by the present ehnbodifrient in choosing be- : 
tween the selected and received earner frequencies : 
baud rates and data bit rates, is one of less than or equEti:- 40 . 
to, respectively. : : 

[0042] After the answer modem completes the 1.8 ^ ' 
^second line probing signal generation, it completes the 
instructions of block124by disabling the chirp generator 
28 and controls the tone generator 26, switch SW1 arid . 
transmitter 34 to commence transmission of th e tone P 1 
for at least 1 28T Thereafter, the controller 20 of the an- 
swer modem ihltlalizes the module 58 for the detectionv ; . 
of the tone P2 and then waitsin the decisional block 1 64 
forthe reception and detection. thereof. In addition, after ; so 
the call modem completes the channel estimation of 
block 126 for the received line probing signal, the con- ' 
troller 20 in response to the instructions of block 1 66 . 
initializes the module 58 for the detection of tone PI and •- 
waits for the tone PI to be detected according to the . 55 
decisional block 168. During this time, the call modem : 
is continuing transmission of zeroes. Upon' detection of 
the tone Pi by the module 58, the controller 20 of. the 



. call modem terriilnates the zero transmissions by'coh- 

: trolling the transmitter 34 and generates the tone P2 by 
controlling the tone generator 26, switch SW1 and trans- 
mitter 34; At the same time, the controller 20 of the call 
i modem initiaiizes the module.58 for the detection of the 
phase reversal tone PI according to blwsk 1 70. In block 
172, the controller 20 of the call modem waits in a loop 
for the detection of the tone P1 by the module 58. 
[0043] When. the tone P2 .is detected by. the module 
58 of the answer modern, the contrqller 20 tllerepf ror 
sppnds to the instructions of bloclc-1.7£.and initiates 
transmission of the phase reversal tone PI for 1 6T and 
concunrently starts the Mt counter 74. Moreover, the in- 
structions' of block 176 cause the coritrolier 20 of the 
answer modem Jo Initialize the module 58 forthe detec- 
tion of the tone P2 after 1 6T and, then, cause the trans- 
mitter to transmit zeroes during which time it waits in a 
decisional loop according to the block 178 forthe recep- 
tion anddetection of the tone P2. After PI is detected 
by the module 58 of the call modem (block 172), block 
1 80 is executed by the controller_20 thereof which gov- 
erns the transmission of the tone P2 for 1 6T after waiting 
for a delay period of.64T Concurrently, the controller 20 
of the call modem initializes its FFT prdcessorto perform . 
an estimation of channel characteristics based on •re- 
ceived eicho signal or signals. The detection pf tone P2!- 
by the answer modem causes the receiver 60 thereof tb ' 
stop the NT counter 74j and the controller 20 to initialize 
the FFT processor 80 thereof to perfbrrri a channel es^ 
.timation based on. the received line prbbthg chirp sfghai; 
An blocks 184 and 186, the same line prbbihg process 
. is performed as described supra except that the call mor 
dem now is transmitting the line probe chirp signal and 
performing the estimated channel characteristics based ■ 
on the echo signal thereof and the answer modern is . 
perfomning the'estiirnation of a channel characteristics: , 
based on the received line probing chirp signal, In the 
present embodiment, this channel estimation line prob- 
ing procedure takes. approximately 1>8 seconds. . . 
[0044] . After performing the second line probing task, 
the selected carrier frequency, baud rate and data bit 
rate of each of the call and answer modems are provided 
to their respective controller 20 which in turn seilects and 
enables the respective DPSK generator 24 to generate 
the learned inforination in packets orfraniesto the otiier 
modem via switch SW1 and transmitter 34. In the block 
1 90, the controller 20 of the answer modem Is directed 
to initiate the DPSK receiver 62 forthe detection of. the . 
transmitted bPSK2 frarines from the call modem. 
[0045] In the present ernbodiment, a 300 baud D.PSK : 
modulation scheme Is used to exchange the'cpmmuhl-' 
cation paranrieter infqnnation between the call and an- 
swer modems. A cam'er frequency of 1200 Hz is used . 
for DPSK transmission. The DPSK carrier is stored in 
meniory of the controller 20. The data to be sent is en- 
coded and modulated by goyeming the generator 24 by 
■ the controller 20 and sent out overthe line 40. Since the ■ 
above riiethod of modulation (by square wave) may pro- 
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duce a lot of out of band energy, the canier frequericy 
may be stored as a digital prolate spherical wave func- 
" tion, .to maximize . the energy in a narrower band. The 
DPSK receiver 62, In each case, recpyers the timing of 
the signal, demodulates and decodes It and unpacks the 
infonrjation from the remote modem. The Information 
transferred between the modems consistis of the bit rate 
index for each baud rate, the carrier frequency for each 
. baud rate, the baud rate mask to; Indicate which baud 
. rate is disabled by the host, sv^nmetric bit rate flag ahd : 
symmetric baud rate flag; : 

[0046] After the answer modem detects the canier of 

. the DPSK2 signal according to block 192, the instruc- 
tions of block 1 94 are then executed governing the con- 
troller 20 to terminate zero transmission and transnriit the 
DPSK1. Information while recehrtngthe DPSK? infomia- 
tion. The call modem shall now look for the DPSK1 car- 
rier from the answer modem and then, after detecting- 
two frames of DPSK1 infomriatlon, shall stop transmit- 
ting the DPSK2 data and go to an idle state for.approx- ' 
imately 20T and then change Its carrier frequency and 
baud rate to the one recommended by the preceding 
line probing procedure. Accordingly, when the answer 
modem detects loss of carrier from the call modem It 
also goes to an Idle state for approximately 20T and 
thereafter sets Its carrierfrequency arid baud rate to that 
recommended by the decisional logic block 84 of the 

:;preceding line probing procedure! 
[00A7] ■ Note that according to the above described 
method In connection with Fig. 5:the processes of esti- 
mating channel characteristics arid estiniatiiig Yange for . 

. the call modem to communicate with the answer modem' 
are corriblried in a conimon start lip procedure charac- 
terized by a plurality of .successive time segments. For 

; example, there is a time segment estimating the range 
NT of the call modem, another time segment for esti-:, 

'mating signal. characteristics of a channel forthe call 
modem while concurrently eistimating.echo characteris- 
tics of the channel for the answer riiodem, another time 
segment for estihnating range NT of the answer modem 
and yet another time segmentf or estimating signal char^ 
acteristics of the channel for the answer modem all con- 
cun-ently estimating echo characteristics of the channel 
for the call modem, in the present embodiment, these 
four tiriie segments are.perfomied successively. The; 
foregoing.described method also provides for a fifth suc- 
cessive time segment in which the call and answer mo- 
dems exchange learned information for rnaking final de- 
cisions. 

[0048] The next portion of the start up procedure to 
be described (see Fig. 6) is a training sequence for train- 
ing the receiver and echo canceler of each of the call 
and answer modenris. This training sequence is consid- 
ered well known and outlined in the V.32 and V.32bls 
specifications and not considered in .any way a part of := 
the present invisntion except that the training sequences 
are perfomied based on the recomnnended carrier fre^ 
quency and baud rate learned from the preceding poi*- . 



tlon of the start up procedure described In cbnriectiori 
with Fig. 5. Thus, the description of this procedure will 
not require great detail, but rather just a. brief overview; 
The procedure for the most part is currently being used- 
;iri the riiodem 2264 marketed by .Codei Corporatioh:- 
Portlons of the procedure are also described -iri the i). 
S. Patent 4,987,569 issued January 22,. 1991 and as- 
signed to the same assignee as the present application. 
In describing this procedure reference will be made to 
Figs. 3, 6, 13B and 14B. With regard to the functional 
■block diagrahPi embodiment of Fig. .3, the ECQT and 
CHIRP signals are generated by the chirp generator 28, 
the TRN signal is generated by the train generator '30 
and the rate signals R1 , R2 and R3 are generated by a 
tone generator as are the tone signals S and S . (Please 
confimri?) 

[0049] Starting with the answer modem, after the car- 
rier frequency and baud rate have been changed to the. 
preferred numbers, an optional task IR may be per- 
fonmed to calculate a second or third far end echo of the 
networi< for use in echo cancellation. In the present em- 
bodiment, this task is not contemplated. The next task 
is the echo ^canceller quick train (ECQT) -which is /per- 
fonmed in accordance with the Instructions of block 204. 
More specifically, a special chirp signal is transmitted by 
the answer nriodeni.for approximately 2 NT and"a.fast. 
train or instantaneous train of the echo cariceller thereof 
is performed based on the. echo of the chirp signal. In 
block 206, a tone signal S . is transmitted for apprpx^^^^^^ 
rinately 256T and then the phase reversal S is Vansmrt-" 
ted for a isT. Ihirnediatety th^rea^er, a special chlrp se^ ' 
quence which is used to quickly train the equalizer of 
block 60 of the receiver is transmitted for 1 44T. Next, in 
block 208 a Signal TRN, is transmitted for 2048T which 
is used by the call mod^m to further train the equalizer 
of block 60 ahdthe echp signal thereof by the 
modem to further train Its echo canceller Thereafter, a 
special rate signal R1 is transnnitted and during this time 
the answer modem Waits to detect an S signal from the. 
call modem in the decisional block 21 0.. When the S sig- 
nal is detected, the rate signal R1 transmission Is temni- 
nated and the answer mociem comriiences transmitting^ 
zeroes according to the Instructions of block 212. The 
answer modeni then determines whether or riot the S- 
signal exists longer than or equal to MT arid.if so, it ini- 
tializes Itself for detection of the phase reversal S signal 
In blocks 214 arid 2i 6. . During this time the answer mo- 
dem, is continuing to ti-ansmit zeroes; Once the signal S 
Is detected In the decisional block 218, this block 220 is . 
next executed to initialize the.answer modem to perform^ 
an equ^izerfasttrainwlth the received.chirp signal froni 
the call modern for 144T according to a well known DFT 
algorithm. Thereafter, the answer moderii performs a 
furtherequallzertrainlng-accordingto awell known least 
means square (LMS) algorithrii for 2000T based on the 
received TRN signal from the call modem in block 222. . 
[0050] In the next instruction tJlock 224, the answer 
modem Initializes itself forthe detection of a specialrate 
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signal R2 transmitted from the call- modern; Once the ' '''\ nal sequence. Upon detfectiorijof R1 by :bl6ck 2^v-t^^^^ 
signal R2 is detected in block 224. the next instructional ; call modem, in block 266, transmits an S sequence for 

. block 228 is executed and causes the .answer nriodeni ' a period equal to the round trip delay measurement MT; '■ 
to transmit first the S tone for 256T, second the S tone . The I R task segrnent may be Included in the procedure 

• for 16T, and then the TRN training signal for512T. 5 at this time, There^er. in block 268;. the call modem 
Thereafter, according to the instructions of block 230, may transmit the echo canceller conditlphlhg signal for 
the answer modem commences transmission pf a spe- a period of 2 MT in order to perform a fast train echo 
cial rate signal R3 which includes the information of a . canceller task iDased on the received echo signal there- 
selected communication rate upon which both call and . from. Next, in block 270, the transni|tter.of the.call mo- 
answer modems pan agree, on, I.e.. common to both. .'O -denri shall transmit an S s^uerice for ^ 
based on the maximum rate that they can operate at. At . followed by a phase reversal' sequence for 1 6T the 
the same time, the answer modem initializes jtsetf for phase reversal serves as a time marker to train the" 
the detection of a signal E1 indicative of the^cail modem equalizer. The transmitter next transmits a periodic 

/ agreeing to the selected rate. Once the signal E1 is de- : CHIRP sequence for 144 T as part of tfi^ receiver.con^ 
tected in the decisional: block 232, the answer modem . is ditipning signal. 

terminates the transmission of the rate signal R3 and [0053] In block 272. the cair modern :transrnits the 
transmits the signal E2 for 8T which is an indication to TRN signal segment which Is a sequence of scrambled 
the call modern that the selected rate is accepted. binary 1's for a period of 2048 T. and then commences 
Thereafter, the answer modem transmits a frame of transmission of a rate signal R2 to indicate the available 
channel coefficients CC2 for 64T according to the in- 2Q data rates in the call modem. The signal R2 takes into 
structions of block 236 and then transmits scrambled bi^ . . account the previously received rate signal R1 and may 
nary zeroes Btfbr 256T^ccordlng to the instructions of also take into account the likely receiver perfonnahce 
block238, followed by the transmission of aflag F2conv . forthe connection. If the connection is unacceptable, the 
posed of a predetemriined baud/bit pattem. thereafter, call modem maytransmit a GSTN clear down code. The 
the answer modem is enabled for exchange of- data .25 transmission of R2 shall continue until the reception any 
based oh the recommended carrier frequency, baud detection oY the incoming rate signal RSfronri the^a^^^^ 
rate and data bit rate detemnlned In the foregoing de- . modem. During the R2transnhissiori. the call mpdem de- 
scribed learning process, . \ tects the signals from the answer modem in the. decir. 
[0051] Cohcun-ently, the answer modem, after trans- v ■ • slorial block 274 and initializes for the S/ § time mar^c 
mitting the E2 sequence accprding. to block 234, initial- 30 transition In the block 276.and waits for the timW rn 
izes itself to detect channel coeffipients CGI from'^the ^ . ." detectip 

c^il modem in block 242;.Once the signal CC1 is detect- . is detected, block 280 is. executed to govern the : recep. 
ed according to the decisional block i244, the answer . tion of theTRN.signal from the answer modem for u^e 
modem initializes itself for the detection of;a flag F1 in ' -.^ . . in fine tuning. the receiver of the call moderii arid then - 
block 245. Once the signal F1 is detected^ according to;? 3^ the call modem is initialized forthe rate signal R^ detec- . 
the decisional block 246, the an^wer^mbdem. initializes ' . tlbn...The call mpdem waits for R3 detection in the decl- . 
itselfto receive data and receives data based phth^ sional block 282 and once detected, the call modem 

. ommended rates in blocks 248 arid 250. transmits a 1 6 bit sequence E1 indicating it agrees with. 

[0052] Now for th^ call modem. After setting the se- the data rate information provided it by the ariswermo- 
lected parameters in block 202, the call modem waits in . 40 dem in the rate signal R3.. 

a loop according to the decisional block 252 to detect . . [0054] After transmisision of the E1 'sequence, the call 
an incomings signal sequence from the answer modem -modem transmits one frame of channel coefficients CC1 
In order to proceed with the training of its receiver and for 64 T In block 286 and then transmits scrambled bi- 
echo canceller. After detecting the S signal, the call mo- nary zero's B1 for256Tin block 288. Thereafter, in block, 
: dem Initializes itself to detectjhe S signal in block 254 ■ 45 290, the call modem is governed to transmit a flkg F1 
and waits for reception of the S signal ih: block 256. Aft^^^ .. composed of a dibit pattem 11, and then proceed to 
S is detected, the call modem initializes itself for and .' transmit data at the agreed upon rates of the E se- 
perfprnns an equ alizer.fast train utilizihg the chirp signal : -. quence. The scrambler and encoder 32 is Initialized at , 
transmitted by the answer mpdem for 144 T which is this.time. If, however, the rate signal R3 calls for a GSTN 
accomplished according to the instryctipns of block 258. so .-dear dowri,.the call modem disconnects fronri. the dikh. 
Thereafter, the calihriodem performs an equalizer train- ; line and effects a clear down, 
ing according to a least meari square (LMS) algorithm . . [0055] Concurrently with thetransmisslon.of the CC1 
for 2,000 1 using the received TRN signal from the an- v . . . .signal, the call modem is initialized to detect the E2 se- 
swer modem using the block 260, Next, in block 262, : . quencefronri the answer modem In block 292. Once E2i 
the call mpdem initializes itself for.detectlori of the rate . 55 \s detected In the decisional block 294, the call modem 
signal R1 and waits in a detection loop at decisional . ' is Initialized for the detection of the charinel coefficients • 
block 254 Jooking for three consecutive frames which .' ' CC2 from the answer, modem in block 296, When CC2 
:'^?"^.i^.?"y.."?^?^^ ^"..?"^®r.^° transmitting the S sig- -^^ is detected in the decisional block 298, the call modern 
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: Ms initialized for the detection of th? fla^ F2 in block 300V ; 

u Aftertheflag F2 is detected in block 302/the call modem- V 
is inltiarized in blocks 304 and 30B to receive data and' 
receive data according.to the pretended parameter pre^ 
viously learned. ■ =5 
[0056] During the period of data dommunic^tioa 
the communication media between the call ahd.ahswer 
modems, a retrain request nriay be Initiated by either mor 
dem for a plurality of reasons; For example, if either mo- - 

. dem detects unsatisfactory sigrial reception, tike Ipss of . .'o 
equalization., for exarnple, a retrain shall be initiated to-. ; ; 
reassess the connection which may or may not include 

" the line probing leaming prdces;s. Another reason rhay 
be if either of the modems detennines that the quality of 
the connection is good enough to attempt to increase is 
data bit rate forwhich only a quick retrain may be rieed- 
ed. In the present embodiment, a tone using the signal 
states A, B, C, and D is used to Initiate retraining and 
request the desired start , up procedure. The signal 
states A, B, C, and D are separated by 90 degrees and 20 
reside at the respecth^e phases 210, 300, 30; and 120 
for the present embodiment. Ip describing the retraining . 
procedures In accordance with the present invention,: 
reference will be made to FIGS. 7-12, 1 3D and 14D. in • 

. the modem embodiment described in connection with . 25 
FIG. 3. the tone generator 26 will generate the. tones ; . 
and the tone detect module 58 shall be programmed to 
receive arid detect the tone sequences in accordance 
with instructions from controller 20. 
[0057] FIG. 7 represents a time seginented signal : 30 

. .flow between a call and answer modem in which retrain' = 
and line probing are Initiated and requested, respectlve- 

. ly, by the call modem. Initially, both of the call modem 
and answer modem are exchanging data according to 
blocks 310 and 312 .and are waiting in a loop to deter- • 35 
mine whether or not to request a retrain; in decisional .. 

. blocks 314 and 316. When the call modem, detects an : 
unsatisfactory signal reception, it shall transmit thetone: 
In the sequence ADCB in block 318 and wait in a loop . 
in accordance with the decisional block 320 for the de- 40 
tectlon of the signar sequence ABCD fronn the answer 
modem. Concun-entiy, the answer modem Is waiting for 
reception of the signal sequence ADCB in decisional 
block 322 and when that signal sequence is detected, 
the answer modem delays for a period of at least 128 T 
in block 324 and then transrnits the signal sequence AB- '.: 
CD for at least a period of 256 Tin block 326. 
[0058] When the call modem detects the sequence 
ABCD in the decisional block 320, it decides whetheror . 
not it. desires a line probe retrain in block 328^ Since this . so ' 
is the case in the present example, the call modem t^r- ' 
minates transmission for a period of approximately 20: 
T and then changes its symbol clock T to 2400 Hz to 
begin executing at the start of the program described in ■ 
connection with FIG. 13A conrimencing with the trans- ^5 
mission of the tone P2 in block 102. Since the answer 
modem is not requesting a line probe retrain, its decision 
of block 330 causes program flow to execute the instruc- 



tiohs of bipck 332 which ihitlates-transnhlsslon bf th'eilgO 
. nal sequence BCDA. During the time. the. answer mp- 
■ dem .is transrriitting the signal sequence.BCDAj it awaits 
: detection of either a signal sequence DCBA or the lone ; 
P2 in the decisional.biock 334orthe detectlph.of a loss 
of carrier In the decisiorial bibcic 336: In the present • 
case, the detection of the tone P2 returns the jDrpgram 
to the start of the progrannming sequence described in 
1 4A with the comriiericenient bf the tone P1 after a pre- 
. determined peripd of silence. Thereafter, theJine prob-: 
Ing and ranging trsfining tasks $fe carried put In-iaccord- 
. ance with the Instructions of FIGS. ISA-rQand 14ArC as 
described hereabove: 

[0059] In the example of FIG. 8i the call modern Initi- 
ates the retrain procedure, but the answer nriodem re^ 
quests the line probing training sequence; In this exam- 
ple, the call modem will execute the blocks 310, 314, 
318, and 320 as described above and similariy the an^ 
swer modem shall execute the blocks 312, 322, 324, 
and 326; But sirice the answer modem Is the modem 
which is requesting the ilne probe retrain , it shall transfer ; 
its progiram execution, via the decision block 330 to the 
start oif the program of FIG. 14A wherein it commences 
transmission of the tone P1 after ceasing transmission . 
•for approximately 20 T. The modulation clock T is . 
changed to 2400 Hz for the tr?insmissipn*for thes tpne^ 
PI. the call modem awaits the. detection, of ejther the 
tone sequence B,.C, D, A or thetone PI jn the decision 
: block 340 as well as a loss of carier in the decision block; 
. 342. Ih.the presentcase. when the tone Pjjs detected, . 
: the call rnodeim tr^risfbfs prpgranri execution to the start : 
of the training sequence of FIG. 1;3A in which it com- . 
: mences transmission of the tone P2 in block 102 after 
:a silence, period of approximately 20 T. Note that the. 
modulation clock is changed to 2400 Hztbi^ the trans^ 
nriission of the tone signal P2,. Thereafter,, the call mb- . 
dem and answer rfibdem will proceed through the train- 
ing sequence of FIGS. 13A and 14A. 
[0060] In the example bf FIG. Si, the call modem is in- 
itiating retraining most likely as a result of thepossibiilty 
that the quality of the line connection is good enough to 
sustain a higher data bit rate; but no line probing training 
sequence Is requested. Once again, the call modem ex- 
ecutes the blocks 310, 314, 318, and 320 and the an- ' 
swer modem executes the blocks 312,. 322,. 324, and 
326. When the call and answer modems reach the de- 
cisional blocks 328 and 330, respectively, neither is re- 
.questing a line probe retrain. Therefore, the answer mo- 
dem transrnits the tone sequence B^ C, D,.A in block 
332 and starts the range counter NT. Thereafter, the call 
; modem detects the tone sequence BCDA in block 340 
:and delays for a period of 256 T 47- 2 T in block 344. 
During the delay, the call modem tests for carrier loss in. 
block 346 and if carrier loss is detected, "program exe- . 
:cutioh is transferred to the start of the. program bf .FIG:. ' 
ISA. With no carrier loss and after the. delay of 256 T, 
the call modem transmits the tone sequence D, C, B, A 
in block 348 and awaits the detection of the tone se- . 
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. quence C, D, A, B from the answer modem in the ded-^ 
sional block aso. In turn, the answer modem detects the ; 
. tone sequence D, C, B,. A in block 334 and stops the 
' range counter to compute the range NT In block 352. 
The answer modem next waits for a delay of 256 T +/• 
2 T and then transmits the tone sequence C, D, A, B. In 
decisional block 354, the answer modem awaits detec- 
tion of the tone sequence D. C, B, A from the call mo- 
dem. Concurrently, upon the transmission of the: tone . 
sequence D, C, A in block 348, the call mpdem starts.:. 
; ■ its range counter MT and.with the detection of the tone : 
sequence C, D, A. B in block 350, the call modem ter- - 
minates transmission of the tone sequence D,.C, B, A 
and computes the range MT in block 356. Thereafter, . 
the program execution of the call hipdem Is transferred 
to the start of the quick retrain sequence of FIG: 13B;-; 
omitting the line probing and ranging tasks of Rg. 13A.- 
Simultaneously, the answer modem detects the tone se- 
quence D, C, B, A in block 354 and terminates transmis- 
sion for the tone sequence C, D, A, B in block 355 and 
retums program execution to the retrain sequence atthe 
start of the program of FIG. 1 4B also omitting the line * 
■ probing and ranging tasks of Fig. 13B. . \ 
[0061] in the examples of Figs. 10, 11 and 12. the an- 
swer modem is the modem which is Initiating a retraining 
sequence. The example of Fig. 10 is one in which.the ' 
answer modem detects an unsatisfactory isignal recep- 
tion and not only temninates data communication, but . 
::. ais6 initiates both retrain and line probing sequences/- 
•Referring to Fig. 10, the blocks 31 2 and 31 6 are Execut- 
ed resulting in the transrtiiission of the tone sequence 
ABCD in accordance with the instructions of block 358; * 
The answer modem then waits for the reception and de^ ' 
" tection of the tone sequence ADCB from the call modeni/ 
In the decisional block 360. Simultaneously, the call mo- :• 
dem is awaiting detection of the tone sequence.ABCD 
. in the decisional block 362 and when detection is made,. -. 
a delay of at least 128T is activated In block 364 and 
thereafter, the call modem transmits the tone sequence 
. ADCB In block 366. Upon detection of the tone se- 
quence ADCB.in block 360, the answer modem, which' 
is not requesting line probe retrain; executes the block ■ . 
332 nextto causethe transmission of the tone sequence ■■ 
BCDA after a delay of approximately 256T and then ■■ 
waits for the :detection of either the tone sequence 
-:DCBA or the tone P2 in.the decisibnaj block 334 or loss •, 
of earner (block 336). Concurrently, since the call mp-: , 
•dem is requesting a ilne probe retrain, program execu- ' 
tibri is diverted from the decisional block 328 tothe start " 
of the program in Fig. 1 3A in whrch the tone P2 is trans- .- 
mitted after a silence period of approximately 20T. The • 
symbol for modulation clock is changed for the trans- . 
mission of P2 to 24bOH2. When the answer modem de- • 
tects the tone P2 in the decisional block 334, it diverts 
program execution to the start of the program of Fig, 14A \ 
in which the tone P1 is transmitted after a silence period 
of approximately 20T at the new symbol or modulation 
clock of 2400Hz. Thereafter, both the answer .and call 



.modems continue program execution as descHbed In 
connection with. Figs. 13A and i4A, 
[0062] In tite' example of Fig. i 1 , it is the answer mo- 
dem that is requesting a. line probe: retrain; therefore, 
.5 after detecting the tone sequence ADCB in the decision- 
al block 360, the einswer modern diverts the p.rogrBm 
• execution via block 330 to the start of the jsrogram of 
. Fig, 14A as described hereabove. When the call modem 
detects the tone R1 in the decislonai block 340 it diverts. 
, ;o ;progra.nri execution tothe startbf the program offig. ISA- 
. after delaying for a perlpcj of 64t. thereafter^ both; the. 
call and answer modems operate in accordance with the., 
program execution oif Figs. 13A and 14A. 
[0063] In the example of Fig. 1 2, no line probe retrain • 
15 is riequested by either the call and answer rpqdem. 
Therefore, the call and answer rnodems shall go through- 
.the same sequence for computing their respective rang- 
es MT and NT as described hereabove in connection 
with the example of Fig. 9. Thereafter, program execu- 
te tion for both the call and answer modem will proceed 
. . starting at the Figs.. 13B and 14B omitting the training 
. sequences of Rg's. 13A iand 14A.. 
[0064] . Another aspect of the present invention inr 
. volves the data communication between a call and an- 
25 swer modem over a primary commuhicatiph niedia con- 
• • nection, like a leased line of a telephone network, for 
example, wherein a failure In the connection is detected. 
Normally, the primary connection: would be switched to:; 
: : ■ a secondary connection like a.dial;up line of ateiephohe: 
30 -network as p^rt of ttie GST N.;However, .iri the cai^e Fri 

.which the earner frequency,?baud rate and.d^^ 
„" parameters ofthecorhmunlcatiori have been dptim 
; . In accordance with the above described learning proc> 
ess, it.iis not adequate to select any secondary cohnec-.. 
'3?_ .tioh, but rather Important to prequaiify the cbn.riectibn.sb 
, as to maintain the optirrium parameters jn continuing da-. 
' ta communication between the call and answer rno- 
dems. 

[0065] Therefore, this aspect of the present Iriventiori. 
40 . deals with prequallfying a secondary connection of a 
predetemnined plurality of secondary connections with 
.. . ..regard to the optimised cpnnmunlcation parkmeters pri- 
■ :orto affecting the switch over. Likewise; when operating = 
over the qualified secondary connection, it is desii'able ' 
to test and qualify the prirhary connection in pnder to re- = 
store communication over the primary connection at 
.. some latertime. This method shall be described in con- 
nection with the flowchart of Fig.. 15. The process of . 
switching from a prirna.ry connection to a secondary cori- 
50 nection and restoring the primary coririection is consid- 
ered well .known and vyilj not be described In detall in the 
. instant application.'. 

[0066] Refenirig to Fig. 1 5, the method starts ih the 
decisional block 370 where it is determined whether or 
55 : ;not there is afailufe In the primary conrimuhicatioh hiedia:. 
. connection over which the call and answer mbdehs are • 
presently communicating. When a failure is detected, 
the block 372 Is next considered in which a first of the 
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plurality of secondary connections is qualified according 
•to the embodiment described in Fig. 5 and flowcharts 
Figs. 13A and 14A; If it is detemiined that the selected 
secondary selection can support commijnication at the 
desired combination of carrier frequency, baud rate and 
data bit rate. It is accepted by the decisional block 374; 
otherwise, the next secondary connection of the plurality 
. is qualified and detemnined whether or not acceptable 
according to the same criteria in blocic 376. Once the 
secondary connection is accepted, Gommunicatiofi.be-' 
tweeh the call and answer modems are switched to the 
secondary connections from the primary connection in 
block 378 and thereafter, communication continues over 
the acfcepted secbridary connection. Thereafter, the pri- 
.mary connection Is tested and qualified in accordance 
with the same procedures, I.e. Fig. 5 and Figs.*t3A and 
1 4A, in block 380. And if found to support the aforemen- 
tioned combination of communication parameters at 
some later time, the primary connection is considered 
accepted by decisional block 3B2 and as a result of the 
acceptance, communication betweeri .the call and an- 
swer modiems is restored to the primary connection in 
block 384. And the rnethod procedure continues back 
at tfie decision block 370 as described hereabove. 
[0067] It is understood that in connection with this last ■ 2s 
aspect of the present invention, the call and answer rrio- 
dems mightmay be elther2 or4 wire modems, however,, 
in the case of a 4 wire modem there is no need for con- 
sidering channel characteristics with respect to echo ■ 
transmissions. Therefore, that part of the learning se- 
quence may be omitted. 
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Claims 



A two-wire modism for communicaiting with a remote 
modem over a communication medium, the twor 
wire modem having a" transmitter for transmitting 
signals onto the communication nhedium,. a receiver 
for receiving signals from the communlcatlori medi- 
um; a line probing processor for sending and receiv- 
ing line probing signals, and an echo canceller for 
cancelling echoes in the communication mediiim, 
the two-wire modem characterized in that the line 
probing processor comprises: 

means (34) for transmitting for a first predeter- 
mined time intervala first line probing signal of . 
varying frequency content over said cornmu ni- 
cation media; 

mearis (38) for receiving at least one echo sig- . 
nal of saki first line probing signal from said 
comrhunication media in said fji^t predeter- 
mined time interval; 

means (38) for receiving a second line probing 
signal of varying frequency content from said ■ 
communication media, in a second predeter-. 
•mined time interval; 
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■ . means (8p>f or estimatingsigrialcharacterijstfcs 
- of the communication medium based on an 
analysis of said received second line probirig 
signal; 

' means (50) fpr estimating echo characteristics 
of the bpmmunicatron medium based on an 
analysis of said received at least one echo sig-' 

-; .rial of said first line probing signal; and ' 
means (84) for selecting a carrier frequency 
: and a baud rate from among a plurality of qam'er . 

. / frequencies and baud, rates based dh .said^s-^ 

. .timates of the signal and echo characteristics 
of the comnnunication medium. 

TJie tworwire modem In accordance with claihfi. l 
• wherein: 

the estimating means (50) includes means for 
computing a signal-to-noise ratio over a prede- 
. : termined frequency .spectrijm from said re- 
ceived second line probing signal and an echo- . 
to-noise ratio over the predetemnined frequen- 
cy spectrum from said; received at least one 
echo signal and, where selected, the means for 
computing includes a Fast-pourier Transform • 
(FFT) processor; and vvhereih . the selecting ^ 
means (84)' includes means for detemiiriing at 
• : least one desirable comniunicatioh frequency 
\ ."" band of the communication media. withlh* the ' 
. / predetermined frequency spectrijm based ori- 
: the computed, signal-to-rioise. arid , echo-to- 
.noise ratios and for selecting the carrier fre- 
quency and baud rate based on. said, at least . 
; ;bne desirable commiinfcation frequency band. 

. The two-wire modem Jri accordance with ciaim 1. 
.. vyhereln the tir^t and second line probing signals in- 
clude a chirp signal ranging from: a first frequency 
to a second frequency. which, is repeated a plCirality^; 
of times over said respective first and second are-; - 
Vdetennnined time intervals; and wherein the estihiat- 
•ihg'means (50) include means for estimating an av- 
erage of the signal characteristics, based on an 
.analysis of the repetitive chirp signal of the second 
:line probing signal, and means for estimating an av- 
.6rage of the echo characteristics, based on an anal- 
ysis of the repetitive chirp signal of the echo of the * 
first line probing signal.: ."■ 

.the two-wire modeni in accordance witii claim 1. 
wherein the selecting means (84) Includes means 
for selecting the carrier frequency and baud rate . 
based,also on at least one desired data bit rate. . 

The two-wire modem in accordance with clainn 1 
wherein the estimating means includes nneans (80) * 
for estimating signal characteristics, including non.-- 
linear signal distortion of th e . communication niedia, ' 
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. yid means for estimating eeho chVaet^iistics, in- 
; duding non-linearities in at least one echo path of 
the first line probing signal in the communication 
. ^niedia.- . • . " 

6. ^ The two-wire modem. In accordance with claim 4 
■= yvherein the means (84) for selecting the earner fre- 
quency and baud rate includes means for receiving 

. . Information from the other modem, said information 
:•; Including a earner fi;equenpy, a baud rate arid a dkta 
; bit rate at which' the other modem expects to cbnv 
; munlcate, and means for deciding which of the se- 
lected and received earner frequency, baud rate 
and data bit rate will be ultimately used by the two- 
wire modem in communicating with the other mo^ 
. dem over the communication nnedia. 

7. A method of selecting a carrier frequency and a 
baud rate for communication between a call modem 
and an answer modem over a channel of a commu- 

. nication media, the channel introducing a round trip 
delay, also referred to as range, between the call 
modem and the answer modem, said- carrier fre- 
. quency and baud rate selected during a common 
. start up procedure having a plurality of successive 
time segments,, the method characterized by the. 
steps of: > 



estimating (184). signal characteristics, of the 
• ■ . channel for the other modem based on ah arialr 
i ysis of said received fourth signal inlaid fourth- 
: • tinie segment of said plurallty.whiliB concurrent 
\ .ly estimating echo characteristics of Ihe chan- 
■- nel for the one modem based on said received 
at least one echo signal of said third signal; 
selecting a carrier frequency arid, baud rate for 
: -the call niodem based on the estimated signal . 
. .and echo charinel characteristics tlieri^^^ 

.selecting a carrier frequency^ and bklid rate for 
. the answer modem based on the estirriated sig-. 
nal and echo channel characteristics thereof. . 

?5 8. The method in accordance with cjaim 7 wherein^the 
one, second, third and fourth time segments; are 
successh^e In the start up procedure and wherein 
the one modern is the call modem and the other mo- 
dem is the answer modem. 

20 • . 

.. • Si. 'The method In accordance with claim 7 Including 
. the steps of: 

exchanging the information of respective :cani- 
er frequency and baud rate over the communi- 
cation niedia between the call.and answer mo- 
dems; and. 

determining a carrier frequency and baud rate 
for each of the call and answer modems from 
the selected and ekchanged .earner ffequen- 
cies and baud, rates, i:espectively. . . 

10. The niethod in accordance with claim 7 further in- 
cluding the. steps of : 




transririittlng (34) a first signal of yarylng fre- 
quency content over said channel in o.ne time . 30 - ■ • . j 
segment; . \ 

receiving (38) at.least one echo sigrial of said 
first signal from said channel; ' 
receiving (38) a second signal of varying fre^ : " 
> .quency content over said chahriei in a second 
time segment; , . 
estihriatirig (122) a range for one of the eail and 
answer moderiis In said one time segment' of 
the plurality of successive time segmeri'ts of the 
start up procedure; 

estimating (124) signal! chai^acterii5tic& of the 
chanriei f or the one modem based ph an anal- 
ysis of said received second siignal in said sec- 
ond time segment of said plurality while concur- 
rentiy estimating .echo, characteristics of the 
channel for the other of the call and answer mor 
dems based on said received at least one echo 
.signal of said first signal; . 
transmitting (34) a third signal of varying fre- 
quency content over said channel in a third tirrie. 
segment: 

; receiving (38) at least one echo signal of said 
third signal from said channel; 
receiving (38) a fourth signal of varying fre-; 
quency cohtent over, said channel iri a fourth.^ 
time segment; 

estimating (182) a range for the other modern 
in said third tinhe segment of said plurality; and 
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' : training a^receiver and echo caricejlef .bf .feach ' 
of the call and: answer moderfis by exchanging 
. signals therebetween over the communicjation 
media at the respective detemrilned carrier fre- 
40 . quency .and baud rate thereof; and 

. .exchanging datalbetween the call and answer . 

modems over the communication channel at 
. the respective determined canier frequency- 
. and baud rate ther^eof. 

45 ■ " ; 

PatentansprOche 

1. ' Ein Zweldrahtmodem zur Kdmrhurilkatibn mit ei- 
50 nem entfemten l^pdenn- uber ein Kommunikatipris-^ 
rnedlum, und das Zweldrahtmodem elnen^O^ 
gerzur Ubertragurig.yon Signalen in das Kommu- 
.:. .nikationsmedium, einen Empfahger zum Erhpfahg . 
;Von Signalen aus dem Kommunlkationsmedium, ef- . 
55 nen Prozessor zur Leitungsprufurig zunfi Sehden 
. . Mnd Empfangen von Leitungsprufslghaien und bir ; 
• \ .nen Echobeseitiger zur Beseitigung von Echos Im 
. Kommunikationsmediurn hat, und das Zweidraht-. 
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modern diadurch gekennzeichnet ist, das^ der 
Prozessor zur Leitungsprufung fpjgendes aiifweist. 

Mittel (34) zur Ubertragung.eines efsten Lell- 
tungsprufsignals mIt veranderlichern:. Fre-. 
; . quenzgehajt Qber das KommunikatibhsmedP 
urn in einefti ersfen yorherbestlnlmten Zeitin- 
terval); 

. . .Mittel (38) zum Empfang von weriigstens eiri^m 

- ;:Echbsignal des ersten Leitungsprdtsignals sius 
dem Konrimunlkatlonsmedium Im ersten vof- 

. ; herbestimmten Zeitintervall; 

. , MItter (38) zum Empfang eihes zwetten :L^i- 
> turigsprufsighals niit yeranderlichenni Fre- 
. quenzgehalt aus dem Kommunikationsmedir 

. um in einem zwelten vorherbestimmten Zeitin- 
tervall; 

.l\4fttel (80) zur Abschatzung von Signalkenfida- 

- ten des Kprnmunikationsmediums, basierend 
airf einer Analyse, des empfangenen zwelten 

:.. : Leltungsprufslgnals; 

Mittel (50) zur Abschatzung yon EcNdkenhda- 

. ten des Kommunlkationsmediums, basierend 
auf einer Analyse des wenigstens eineh emp-. 
.:.fangehen Echosignals des ersten " Leitungs- 
V . prufsignals; uhd ' ■ ^ V 

Mittel (84) zur Auswahl einer Tragerfre(i;uenz 
. und einer Baud-Rate aus einer VIelzahl von/ 

Tragerfrequenzen und Baud- Raten, basierend/ 

auf deri Abschatzungeh der Signal^. -und 
* Echokenndaten. des Kommunikktlonsrhedi-:. 

urns. 

Das Zweidrahtmodem nach Anspnjch 1, bel dem: 

: Die. AbscliStzungsmlttel (50) Mittel zur Berech^ 
nung eines Signal-Rausch-Verhaltnisses uber 
ein vorherbestimmtes Frequenzspektrum aus 
. dem empfangenen zweiten Leitungspruf signal 
und eines Echo-Rausch^Verhaltnisses uber • 
• das vorherbestihfimte Frequenzspektmm auV 
: denri wenigstens einem empfangenen Echosi- 
gnal enthalten, und, wq aiisgewahlt, die Mittel : : 
. - zur Berechnungeinen Prozessor fur Fast-Fou- 
rier-Tfansforrriatlpnen (FFT) erithalten; und be) 
. dem- die. Auswahlmittel (84) Mittel zur Bestim-. 
mung von wenigstens eihem wdnschenswer-*;- 
=- tem Komnriunikationsfrequenzband des Kom- • 
. ; munikationsmediums inherhalb des vorherfae- 
stlmhateh Frequenzspektrums enthalten, ba- . 
slerend auf den berechneten Slghal-Rausch- 
. . und Echo-Rausch-Verhaltnissen, und zur Au^- . 
wahl der Tragertrequenz und der Baud-Rate, 
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basierend. auf dem wenigstens . e(nen WQh- 
schenswerten Kommuriikationsffequerizban- . 
des, * ■ . . ■ V -A^v = ^ ' 

Das Zweidrahtmodeni liach Anspruch 1 , bel dern 
die ersten und zweiten Leitungspruf sighaje ein^ 

. Zwitschersignal enthalten, das sk;h von einer er- 
sten Frequenz bis zu einer zweiten Frequenz err 
streckt, das eihe N^eizahl von Malen uber die ersten 

,.bzw..zweiteh>ortnerbestimmteh Zeitintervalle wie- 

• Iderho'lt wird, und bei dem die Abschitzungsnriittel : 
(50) Mittel zur Abschatzung eines Mlttelwertes der 

..Signalkenndaten enthalten, basierend auf einer 
Analyse des wiedertiolten Zwltscherslgnals des 
zweiten Leitungsprufsigri^fe; und Mittel zur Ab^ 
schatzuhg eiries Mlttelwertes der Echokenndaieni 
basierend auf einer Analyse des wiederholten Zwlt- 
scherslgnals des Echos des ersten Leltungsprufsl- 
gnals. 

. Das Zweidrahtrriodem nach Arispruch 1 , bei dem 
: die Auswahlrriittel (84); Mittel zur Auswahl der trar 

gerfrequenz und der Baud- Rate enthalten, eben-. 

falls basierend auf wenigstens einer gewOhsbhten 

Datenbitrate. 

Das Zweidrahtmodem nach Anspruch i ,.bei dem 
die Abschatzungsmittel (80) Mittel zur Abschatzung 
von Signalkenndaten enthalten, einschlieBlich nicht . 
. Ilnearer Signalverzerriingen des Kommunikatlpns-. 

• medlurris, . und MItter: v zur Abschatzulig' 
Echokenndiaten, Nichtllneantaten eingeschlqsseh,- 

, : in wenigstens einem Echopfad des ersten Leitungs- 
; prufslgnals Im Komrhunikationsmedium!. ' 

Das Zweidrahtmodem nach Anspruch 4, bei dem 
die Mittel (84) zur Auswahl derTragerfrequenz und 
der Baud-Rate Mittel zum Empfang von Informatib- 
nen vom anderen Modem enthalten, und diese In- 
formationen eine Tragerfrequenz, eine. Baud-Rate 
und eine Datenbitrate enthalten, bei der das ander^ 
Modem erwartet, zu kornhriuniziereh, und Mittel zur 
Entscheidung, welche der ausgewahlten und emp- 
fangenen Tragerfrequenz, Baud-Rate und Datenbi- 
trate letztendlich vpm Zweidrahtmodem bei der . 
Kornnhunikatlon mit dem anderen Modem Qber das;; 
Konrimunlkatlonsmedium verwendet wird. :■ 

Ein Verfahren zur Auswahl einer Tragerfrequenz 
.und einer Baud-Rate.zur Konrimuni.kation.?wischeh 
einem anrufendem.ModenI und elneni^antwbrten- 
den Modem uber einen Kanal eines K6mmunil<iati- 
onsmediums, und der Kanal: eine Umlaufverzoger 
aing, die auch als Entfemung bezeichnet wird,.2wi- - 
schen dem anrufenden Modem und dem antwor- 
tenden Modem elhfugt, und die tragerfrequenz und 
die Baud-Rate wahrend einer gemeinsarnen .Start- J; 
prozedur ausgewahit werden, die eine Vielzahl von. 




WieihahderfoIgendenZeitsegiTienten hatiUhd • ■ • Echotehndaten des Kanals; lind 
Verfahren gekennzeichnet ist durcH die foigen:. 

. d^ri Schritte: . Auswahl.einerTfBgerfrequenzundeinerBaud- 
" _ ..Rate fur das antwprteride.M^ 
Ubertraguhg (34) eines ersten Signals mit ver- / s auf den von ihm abgeschatzt^n . Signal- uhd 
anderlichem Freqiienzgehalt Qber den KanaJ In" . ■* Echokenndaten des Kanals; . 

■ ^>inem Zeitsegment; • 

' ' . Das Verfahren nach Anspruch 7, bei dem das er^te,. 

: Empfang (38) yon wenlgsteris einern EchosI- ': . : ; : zwelte; dritte und vierte Zeltsegment in deir Start- 

gnal des ersten Signals aus dem kanal; , ,,10 ; pro2edur auf elriander foigen, lind 

Modenri das ahrufende Modem 1st urid das and^ 

Empfang (38) eines zweiten Signals mit veran- . Modeirt das antwortende Modem 1st: v 

deriichen Frequenzgehalt Qber den Kanalinei- 

nem zweiten Zeitsegment; . : ; . . 9. Das Verfahren nach Arispaich 7. das die foigehden 

IS : Schrrtte enthalt: 

Abschatzung (1 22) einer Entfemung fur eines 

des anrufenden oder antwortenden Modems Austausch der Informatlonen. der jeweiligen 

im ersten Zeitsegment aus der Vielzahl aufein- TrSgerfrequenzen und der Baud^Raten zwir 

arider folgender Zeitsegmente der Startproze- schen dem anrufenden und dem antwortenden 

f: ^"'"' .-'* • Modem Qber das Kommunikationsmedlum;. 

■ • * ' ' " . ■ • . .•*■•■ •- ' unci " •. . ■ . ' ■ " 
. .. Abschatzung (124) di&r.Signalken^^^ 

: Kanais fur dieses eine Modem, basierend auf Bestimmung einer trigerfrequenz und einer 

■ einer Analyse des im zwerten Zeitsegment der ' Baud-Rate fur jedes des anrufenden und ant- . 

.VIelzahl empfangen^n zweiten Signals, wah- .25. : . wortenden . Modems aus den aiisgewahlten 

: :-rend gleichzekig- die Echokerihdaten des Ka- • und ausgetauschten Tragerfrequinzeh . bzW.': 

nals fur das andere des anrufenden Oder ant- Baud-Raten! ■ 
. \ wortenden Modems abgeschatzt werden, ba- 

: : vsierehd auf dem wenigstens einen empfange- :-; 10.. Das Verfahren nach Anspruch r/das.TOrter d^ 

i r.: . nen Echosi^nal d^s ersten Signals; . { 30 - geriden Schritte.enthilt: 

pbertragung (34) eines dritten Sigriajs mit ver- Training eines Empfaingers und eines. Echpbe- 

. anderlichem Frequenzgehalt Qber den Kanal in seitigers fur jedes des anrufenden und antwor^ . 

: einem dritten Zeitsegment; tendeh Modems durch Austausch von Slgnalen. . 

35 zwischen ihnen . Qber das Kommunikatibnsnrie^ 

Enripfang (38) von wenigsteps einem Echpsi- diumbel derjeWelisyon lhnenbestimnritenTr§T 

. gnal des dritten Signals aus deni. Kanal; gerfrequenz und Baud-Rate; und 

Empfang (38) eines vierten Signals mit veran- Austausch yon Daten zwischen dem ahrufen- 

derlichem Frequenzgehalt Qber den Kanal in el- 4o den und dem antwortenden Modem Qber den 

. nem vjerten Zeitsegment; . . Kommunikatlonskanal bei der jeweils von Ih- 

: ,. nen bestimmten Tragerfrequenz und.Baud-Ra- 
- Abschatzung (182) einer Entfemung fur das '^' te. 
andere Modem im dritten Zeitsegment aus der 
. : Vielzahl; und . 45 

* " Reyendications 

■. Abschatzung (184) von Signalkenndaten des 
Kanals fur das andere Modenri, basierend auf 1. Modem 2 fils pour communiqueravec uh modem.:: 

einer Analyse des Ini vierten Zeitsegment: der distant surunsupportdecbmnriunlcatlonj^le modem 
Vielzahl empfangeheh vierten Signals, wahr >o ; 2 fils ayant un ^rhetteur pour. triansmettfb des si-.' 

. rend glelchze.itig Echokenndaten des kanals . \ gnaux sur le support de communicatlori, uh T§cep- 

■ '.fur das eine Modem abgeschatzt werden, ba- teur pour recevoir des signaux du support de 

sierend auf dem wenigstens einen Echosignal communiciation - unprocesseur decontroledeligne^ 

• des dritten Signals; pour envbyer et recevoir des signaux de contrble" 

. 55 de ligne, et up suppresseur d'6cho pour supprimer • 

. Auswahl einer Tragerfrequenz und einer Baudr .. • . lesechos dans le support decorhmunicatlon.ie mo- 
Rate fur das anrufende Modem,. basierend auf . dem 2 fils caracterise en ce que le processeur de 
den von ihm- abgeschatzten Signal- urid . controle de iigne cornprend.: 
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-un moyen (34) pour trahsmettre pehdaiht un 
premier intervade de temps predetermine un 
■ premier signal de controle de ligne de compp- .; 
s$ntesfrequentie!les variables surledit support / 
de communication ; -//^ -s - 

, un moyen (38) pour recevoiraurnojnsun signal - 
d'echo dudit premier sigrial de contrSle de ligne 
dudit support de communication dans ledit pre- '■■ 

■ mier interyalle de temps predetermine:; 

V; ;un moyen. (38) pour recevoir un second signal...^ : 
••. de contrdle de ligne de cpmposantes.frequen- 
tielies variables dudit support de communica- * 
tipn dans un second interyalle de temjDs ' 
predetemiine ; 

, ■ un hfioyen (80) pogr estimer des caract6ristl- ■ is 

:' ques de signal du support de corrimunicatioh 
basees sur une analyse dudit second signal de . 
controle de ligne regu ; 

un moyen (50) pour estimer des caracteristi- 
ques d'echo du support de comnnunication ba- 20 
: sees sur une analyse dudit au molns un signal, 
d'echo re9U dudit premier signal de controle de 

ligne ; et . 

un moyen (84) pour seiectionner unefrequencc 
porteuse et une vitesse de transmission d'entre 25 
une pluralite de frequences porteuses et de vi- 
tesses de transmission basees sur lesdits esti- 
. mations des caracteristiques d'echo et de si- 
gnal du support de cbmmunibatibn.; 

■'' : ■ ■ '-"v - 30 

Modem2filssuivantlarevendicatibn 1 dahs ieqUel 
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. temps predetermines respectifs ; et dans tequelie 
moyen d' estimation (50) inclut un moyen pour estir 
rner une moyenne des caracteristlques de signal, 
* ' bas6es sur une analyse du signal k impulsions mo- 
.duiees en frequence repetitjf du second stgrial de. 
contr6le de ligne, et tin nrjoyen pour estimer une 
moyenne des caracteristiques d'echo, basees. sur 
. : urie analyse du signal kjmpulsions rtipdulees eh 
frequence rep6titif-'du premlerslgrial de contrdle de 
: :V "figne^ *.; ' ■■■ ' *•." -. . : ; /\.':>i V; . 

4. Modem 2 fils sulvant la revendicatlon i dans lequel 
le moyen de selection (84) inclut uh nipyen pour se- 
iectionner la frequerice porteuse -et ta vitesse de 
transmission en fonctioh egal^ent diJ au.rhoins iin 
debit de donhees desire. 

5. Modem 2 flis sulvant la revendicatlon 1 dans lequel 
■■ le moyen d'estimation inclut un moyen (80) poures- 
: timer les caracteristlques de signal, incluant une 
distorsion de signal non Iin6aire du siippoil de com- 
:munication, et un moyen pour estimer des carjacte- 
ristlques d'echo, incluant des non linearites dans au 

. morns un trajet d'6cho du premier signal de contrSle 
de ligne dans ie support de comrriunication; ■ 

6. Modem 2 fils suivant la revendication 4 dans lequel. 
le moyen (84) pour seiectionner la frequence por- 
teuse et la vitesse de transmission inclut un- moyen 
pour recevoir des infprtnations de ['autre modem, • 
lesdites infbmiatibns incliiaht uiie frequence ppr^ 

. teuse, une vitesse de transmisision et un debit de. 
donnees auxquels I'autre. modem prevoit de conir. 
muniquer, et un nhoyen poiir decider lesqueis de lai ' 
frequence porteuse re9ue et selectibrinee, de la vi- - 
tesse de trahsmissipn et du debit de donnees seh 
ront finalerneht utilises par ie modern 2 fils dans la 
communication avec i'autre modem sur le support' 
. decomniunication. .= : 

7:;. Procede de.seiection:d'uhe frequence porteuse et*: 
d'une Vitesse de transmission pour la communica- ; 
tion entre un modem d'appel et un modem de re- 
ponse sur une vole d'un support de comrhunicatibn, 
. : ia vole introduisant un retard k Taller et .au retpur, 
. regalement appele plage, ent&le modem d'appelet 
le modem de reponse, lesdites frequence porteuse 
et Vitesse de transmission seiectionnees pendant 
une procedure de mise en route commune ayant 
une pluralite de segments de tehnps successifs, le 
precede etant cariacterise par les etapes de : 

transniission (34) d'un premier signal de cbm- 
posantes frequentjelles variables sur ladite 
vole dahs un segment de temps ; 
reception (38) d'au nioins un signal d'echo dudit 
premier signal de ladite voie ; . . 
reception (38) d'un deuxieme signal de compb^ 



le moyen d'estimation (50) .inclut un moyen 
pour calculer un rapport signal/bruit sur un : ; 
spectre de frequences predeterinine.dUdit se^ 35 
. \ : cond signal de contr6le. de ligne reg.u et un rap-' 

port signal-sur-echp sur le spectre de frequen-' . 
- ■".ces predetermine dudit au moins un signal . ' 
d'echo regu et, s'il est seiectionne. ie. moyen 
pour calculer inclut un calculateur de Transfer- 40 . 
nhee de Fourier Rapide (TFR) ;.et dans lequel 
■:' .'le moyen deselection (84) Inclut un moyen pour . 
detenminer au molns une bande de frequences 
. de communication souhaitable du support de . 
. communication k I'interieurdu spectre de fre- 45 . 
..quences predetennine en fonctibn des rapports . ; 
signaVbrult et signal-sur-echo calcuies et pour 
seiectionner la frequence porteuse et la vitesse 
de transmission en fonction de ladite au moihs 
une bande de frequences de communication so 
souhaitable. 

Modem 2 fils sulvant la revendication 1 dans lequel 
les premier et second signaux de contrble de ligne • 
jncluent un signal k innpulsions moduiees en fre- ss 
quence s'echelonnant d'une premiere frequence k- 
une seconde frequence qui est repete une pluralite 
de fois sur lesdits premier. et second intervalles de 
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santes fr^quentielles variables sur ladfte vpie 
. dans un deuxieme segment de temps ; 

estimation (122) d'une plage pour yn des mo- 
. dems d'appel.et de r6ppnse dans ledftuh seg- 
ment de temps de la piuralitd de segments de 
temps successifs de la procedure die mise en; 
route ; 

estimation (124) de3 caract§ristiques de signal 
de la vole pour le un modem bas6es-sur une;. 
analysie dudh deuxieme signal regu dansiedit - 
deuxlfeme segment de temps de ladrte plurality, 
tout en estimant parall^lement des caract6ris- 
tiques d'echo de la vole pour I'autre des mo- 
dems d'appel et de riponsebas^essur ledit au 
moins un signal d'6cho re9u dudit premier 
signal ; 

transmission (34) d'un troisifeme signal de cx)m- 
posantes fr^quentieites variables sur ladite 
voie dans un troisleme segment de temps ; 
reception (38) d'au moins un signal d'echo dudit 
trolsi&me signal de ladite voie ; 
reception (38) d'un quatrieme signal de compo- 

. santes frequentielles variables sur ladite voie . 
dans un quatrieme segment de temps ; 

: estirnation (182) d*une plage pour TautiB mo- 
dem dans ledIt troisi&me segment de temps de 
ladite plurality; et 

estimation (i 84) des caracteristiques de signal 
:; de la vole pour I'autre modem bas§es sur uhe 
■ analyse dudit quatridrtie signal re9u ddns ledit ! 
quatn4frie;segnrientde temps d0 ladite pluralhe 
-tout: en estimant parall^lement des caracteris- 
tiques d'echo de la voie pour le un modem ba- . 
•sees sur ledit au moins* un signal d'6cho re9u 
dudit troisleme signal ; 

s^lectipn d'une frequence porteuse et d'urie vi- . 
tesse de transmission pour le modem d'appel . ; 
basee sur le signal estime et .les caracteristi-; 
ques de la vole d'echo de celuirci ; ei 
selection d'une frequence porteuse et d'une vi-.. 
tesse de transmission pour ie modem de repon- 
se basde sur le signal estim6 et les caract6ris- . 
tlques de la vole d'§cho de ceiui-ci. 
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15 



20 



25 



30 



35: 



40 



detentiihation 'd'line frequence" porteuse etx 
. d'une Vitesse de transmission pour chacun des 
". modems d'appel et de reponse, respective- 
: : .:ment,:6 partlr des ff&ijuenc^^^ 

vitesses de transmission echange^ et s6rec- 
. / • ; ;tionn6fes. 

i 10. .Proc6de syivant la revendlcation 7.ihcluant de plus 
les^ 6tapes .de r . 

•cohdltlonhement d'un. r6cepteur et d'ya ^up- . 
presseur d'6cho de chacun des modems d'ap- 
pel et de reponse en echangeant des signaux 
entre eux sur le support de communication Si la 
frequence porteuse et k la Vitesse de transmls- 
'■ sion determinees respectives de celui-ci ; et . 
echange de donnees entre les modems rfappel 
et de reponse sur le support de commuhicatiori 
k la frequence porteuse et & la vltesse de trans- 
mission determinees respectives de celul-cj. 



8. Prbc6d§ suivant la revendication 7 dans lequel le 
premier, deuxieme, troisifeme. et quatrieme seg- 
. ... ments de temps sont successifs dans la procedure 
de mise en route et dans lequel le.un modem est le 
ftiodem d'appel et I'autre modem est ie modem de 
=^r§ponse. ' 



45 



50 



Procedd suivant la revendication 7 incluant les 6ta- 
pes de : • 



6change des Infomiations de frequence por- ]. S5 
teuse et de vltesse de transmission respectives 
sur.le support de communication entre les mo- 
. dems d'appel et de r6ponse ; et 
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